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a b s t r a c t
Diabetic cardiomyopathy contributes to the high incidence of mortality in both types of diabetes. We
aimed to investigate the histochemical aspects of collagen and reticular ﬁbers in the cardiac muscle
and evaluate the inﬂuence of physical exercise on these aspects. Wistar rats were divided in 4 groups:
sedentary control (SC), trained control (TC), sedentary diabetic (SD) and trained diabetic (TD). Diabetes
was induced with alloxan (35mg/kg). Training program consisted of swimming 1h/day with a load of





the left ventricle were collected, ﬁxed in Bouin and processed on historesin. Sections were stained with
periodic acid of Schiff, picrosirius-hematoxylin and ammoniacal silver. The PAS technique shows that
individuals of group SD presented more intense reaction that the other groups. Picrosirius-hematoxylin
technique showed a possible deposition of collagen ﬁbers in SD. The TD group presented a reaction a
lot similar to the controls’ for both techniques’, showing a possible prevention of this deposition. These
results indicate that physical exercises might have an important role on the prevention of some negative
erimalterations caused by exp
. Introduction
Type 1 Diabetes mellitus is characterized by an absolute insulin
eﬁciency caused by destruction of -pancreatic cells. The main
haracteristic of the individual with diabetes is the occurrence of
yperglycemia, but other symptoms can be observed as polyuria,
olydipsia, glycosuria, polyphagia and the increase in the presence
f ketone bodies in urine and blood (Leon, 1987).
Experimentally, type 1 diabetes can be induced by the appli-
ation of speciﬁc drugs like alloxan and streptozotocin, which
electively destroys the pancreatic beta cells causing a permanent
ypoinsulinemia (Lerco et al., 2003; Wei et al., 2003).
Diabetic patients are considered in high risk for vascular disor-
ers affecting theheart, brain, kidneysandperipheral vessels. These
iabetic patients have presented a signiﬁcant increase in mortal-
ty,mostly in recent decades (AmericanDiabetesAssociation, 2003;
lexander et al., 2000), and cardiovascular disease is the leading
auseofmorbidity andmortality forboth typesofdiabetes (Smanio,
007).
Studies have suggested that diabetes may cause left ventricular
ysfunction (Cosyns et al., 2007), one of the most common cardio-
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vascular complications of diabetic patients (Cosson and Kevorkian,
2003), directly resulting in increased susceptibility to heart fail-
ure. The high left ventricular mass and wall thickness, as well the
reduced left ventricular ejection fraction have also been reported
for diabetic patients (Stratmann et al., 2010).
The left ventricular dysfunction also may be an early sign of dia-
betic cardiomyopathy (Cosson and Kevorkian, 2003), a disease that
is believed to contribute to the high incidence of cardiac dysfunc-
tion and mortality from both types of diabetes (Fein, 1990; Trost
and LeWinter, 2001), independent of other factors such as hyper-
tension.Although theprocesses related todiabetic cardiomyopathy
are not yet well known, it is speculated that they are linked to the
reduced energy production due to decreased mitochondrial respi-
rationandactivityofdehydrogenases, thedysfunctionof regulatory
proteins and contractile impairment in the homeostasis of intra-
cellular calcium (Li et al., 2003) and the deposition of interstitial
collagen, both type I and type III.
Currently, regular exercise, along with insulin therapy and meal
planning, have been regarded as one of the main approaches in the
treatment of type 1 diabetes, aiming to approximate the metabolic
conditions of thepatient to anormal physiological state, preventing
Open access under the Elsevier OA license. or delaying the chronic complications of diabetes (De Angelis et al.,
2006).
Therefore, aim of this study is to evaluate, through qualitative
analysis, the histological and histochemical damage caused by dia-
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o evaluate the effects of exercise on the possible recovery or pre-
ention of these changes.
. Methods
.1. Animals
This study was approved by the Ethical Committe in Research
nd Scientiﬁc Merit of the Universitary Center Hermínio Ometto -
NIARARAS (protocol number 634/2008). Adults male Wistar rats
333.6±31.9 g; 70 days old) from the Central Animal Breeding Cen-
er, São Paulo State University, Botucatu campus, were used in the
xperiments. They were kept at 25 ◦C with a light/dark cycle of
2h/12h, and received Purina® rat chow and water ad libitum.
.2. Diabetes induction and experimental design
Diabetes was induced by an intravenous injection (35mg/kg
.w.) of Alloxan (Sigma). After 5 days, blood sampleswere obtained
ith animals in the fed state to determine the plasma glucose
oncentration. Rats that were not diabetic (glucose <11.2mmol/L)
ere eliminated from the study. For the study, the rats were ran-
omly allocated to one of four groups (n=5 per group): sedentary
ontrol (SC), trained control (TC), sedentary diabetic (SD), and
rained diabetic (TD).
Training included daily swimming 1h/day, 5 days/week, for 8
eeks, with a load of 4.8% (for diabetic animals) and 5.2% (for
ealthyanimals), corresponding to themaximal lactate steadystate
Gobatto et al., 2001).
.3. Animal evaluation and sacriﬁce
At the end of the experiment, rats from each group were kept
t rest for 48h after the last exercise session, without fasting. The
lood was collected and centrifuged at 3000 rpm for 10min and
rom the serum glucose analysis was performed. Based on mean
lood glucose, three animals most representative of each group
ere chosen to perform the histochemical analysis. The animals
ere sacriﬁced with prior anesthesia in CO2 chamber. After sac-
iﬁce, portions of the left ventricle of the selected animals were
ollected and ﬁxed in Bouin..4. Histochemical analysis
Tissues were embedded in historesin and microtome sectioned.
he sections were then stained with PAS (Mcmanus, 1946), for




Sedentary control (SC) Trained control (TC)
Glucose 2.89±0.38 2.69±0.18
he values are the mean± SD. a /= of SC; b /= of TC; c /= of SD; d /= of TD (one-way AN
able 2
ualitative characterization of the results from histochemistry techniques.
Histochemistry technique/rat SC1 SC2 SC3 TC1 TC2
PAS-endomysium ++ ++ ++ ++ ++
PAS-ﬁber ++ + + ++ +
Picrosírius-Hematoxylin ++ + ++ ++ ++
Ammoniacal silver +++ ++ +++ +++ +++
+) weak reaction with the staining technique; (++) moderate reaction with the staining te
ith the staining technique.Cell 43 (2011) 24–28 25
mination of total collagen) and ammoniacal silver (for reticular
ﬁbers), adapted from Junqueira and Junqueira (1983). Slides with
the stained sections were mounted with Canada balsam and pho-
tographed with light microscope Leica DM2000, Leica camera
DFC280, with the IM50 software. A qualitative analysis of the slides
was performed, based on the intensity of the reaction with the
ventricular muscle.
2.5. Statistical analysis
All results were expressed as mean± standard deviation. Sta-
tistical comparisons were made by analysis of one-way (ANOVA)
with post hoc Bonferroni or Kruskal–Wallis with post hoc Dunn,
with signiﬁcance level p<0.05.
3. Results
Table 1 summarizes the serum glucose value previously to
sacriﬁce and Table 2 presents the qualitative analysis from histo-
chemical techniques for every individual of each group.
The technique to evidence polysaccharides (PAS) shows that the
individuals of group SD (Fig. 1C) presented a more intense reaction
when compared to the control groups (Fig. 1A and B), as much in
the sarcoplasm as in the endomysium. The animals of TD group
(Fig. 1D) presented a reaction in the sarcoplasm very similar to the
oneobservedon the control groups; on theotherhand, the recovery
was not that evident on the endomysium.
The technique of picrosirius-hematoxylin (Fig. 2) showed a little
increase on the concentration of collagen ﬁbers on the endomy-
sium of the animals from SD group (Fig. 2C) when compared to the
control groups (Fig. 2A and B), showing a possible deposition of
this kind of ﬁber. The TD group (Fig. 2D) presented a reaction a lot
similar to the ones seen on the SC and TC groups.
The ammoniacal silver technique did not show too much of a
difference among the individuals of the four groups, except that
the animals of group SD (Fig. 3C) had a little higher reaction in
comparison with the animals of the groups SC, TC and TD (Fig. 3A,
B and D, respectively).
4. Discussion
Diabetic animals showed a characteristic hyperglycemia, which
is considered the main factor, at cellular level, responsible for
the morphological damage caused by diabetes. The hyperglycemia
seems to be the central mechanism triggering the processes that
lead to the ultimate pathologic changes ofmyocardial hypertrophy,
ﬁbrosis, and collagen deposition (Aneja et al., 2008). This condi-
Sedentary diabetic (SD) Trained diabetic (TD)
14.36±2.36a,b 12.54±2.26a,b
OVA, post hoc Bonferroni; Kruskal–Wallis, post hoc Dunn; p<0.05).
TC3 SD1 SD2 SD3 TD1 TD2 TD3
++ +++ +++ +++ +++ ++ +++
+ ++ ++ ++ + + +
++ +++ ++++ ++++ +++ ++ ++
+++ +++ +++ +++ +++ +++ +++
chnique; (+++) strong reaction with the staining technique; (++++) intense reaction














vig. 1. Myocardium subjected to the technique PAS (400×). (A) SC Group, (B) TC Gr
ncrease on the intensity of reaction in the sarcoplasm and in the endomysium of
arcoplasm of TD group (D).
ion causes an oxidative stress and activates messenger pathways
hat lead to cardiac ﬁbrosis and cell death. The link between hyper-
lycemia and the development of diabetic cardiomyopathy seems
o involve the accumulation of advanced glycated end products
Aragno et al., 2008).
Practicing physical exercises regularly iswell knownas an effec-
ive way to prevent numerous chronic diseases, such as diabetes.
his regular practice improves the metabolic control on diabetic
ndividuals, an important component on the treatment of diabetes
ellitus (American Diabetes Association, 1994).
ig. 2. Myocardium subjected to the technique picrosirius-hematoxylin (400×). (A) SC Gr
essels. Observe the increase of the presence of collagen ﬁbers in (B) and the reduction of) SD Group, (D) TD Group. Arrows=endomysium, c = capillary vessels. Observe the
group (C) and the reduction of this intensity to levels close to the normal for the
Several studies have shown the beneﬁt effects of exercise on the
control of glucose levels, both on animal experimentation and as
on humans (Hardin et al., 1995; Aronson et al., 1997; Gobatto et al.,
2001; Gomes et al., 2005, 2009). In the present work, although not
statistically signiﬁcant, exercisepromotes a slightdecrease inblood
glucose levels. This reduction may have been sufﬁcient to prevent
somemorphological changes causedbyhyperglycemia. Themuscle
contractile stimulus lead to the translocation of the GLUT4 to the
plasmatic membrane by the AMPK’s signalers pathway (Machado
et al., 2006), improving the glucose caption.
oup, (B) TC Group, (C) SD Group, (D) TD Group. Arrows= collagen ﬁbers, c = capillary
the levels close to normal (D).



































sig. 3. Myocardium subjected to the technique ammoniacal silver (400×). (A) SC
essels. Observe the presence of reticular ﬁbers shown by the arrows in all groups.
D (D) group was very similar to the controls.
The increase on the intensity of the PAS technique reaction on
he SD group animals’ sarcoplasm evidences an increase on the
olysaccharides concentration possibly due the increase of free
atty acids on these diabetic animals’ myocardium that leads to the
roduction of a glycogen spare (positive PAS) on the myocardium
Luciano and Lima, 1997), generating ahigher reactionwith the PAS
echnique on the SD group. The TD group showed a lower inten-
ity of reaction in the sarcoplasm, that evidences a recovery on
he polysaccharides concentration to levels close to control groups
SC and TC). This recovery is possibly due to the improvement of
he metabolic conditions of these animals caused by the physi-
al exercise, reducing the necessity of the production of glycogen
pare.
On the endomysium, the more intense reaction is probably a
esult of the collagen deposition, being this possibly of type III
Cosson and Kevorkian, 2003) and type IV collagen, both positive
o PAS (Junqueira and Carneiro, 2004; Feener and King, 1997).
Myocardial ﬁbrosis and collagen deposition are the primary
tructural changes observed in diabetic cardiomyopathy (Aneja
t al., 2008). The collagen ﬁbers I and III are considered the
ain structural components of the myocardial interstice, and the
ncrease of these ﬁbrous components might inﬂuence the systolic
nd diastolic contractions negatively (Jalil et al., 1989).
Collagen interacts with glucose resulting in glycated collagen
hat undergoes further chemical modiﬁcation to form advance gly-
ation end products. The advance glycation end products are a
table form of crosslinked collagen and are thought to contribute
o arterial and myocardial stiffness, endothelial dysfunction, and
therosclerotic plaque formation (Aneja et al., 2008).
Despite the great amount of studies related to the alterations on
he balance of collagen types present on the cardiac musculature
aused by diabetes, this balance still needs better elucidation.
The raise on the quantity of collagen ﬁbers on the SD group,
een on the present paper through the picrosirius-hematoxylin
echnique, could be a sign of an initial process of ﬁbrosis, a
istopathological alteration commonly found on diabetic patients’
yocardium. Shimizu et al. (1993) showed that there is a sub-
tantial accumulation of types I, III and VI collagen on diabetic, (B) TC Group, (C) SD Group, (D) TD Group. Arrows= reticular ﬁbers, c = capillary
D group (C) presented a little increase on the reaction for this technique, while the
individuals’myocardial interstice andAragnoet al. (2008) observed
a deposition of types I and IV collagen on the left ventricle of dia-
betic rats. Moreover, Shimizu et al. (1993) also pointed out that
the interstitial ﬁbrosis on the myocardium is signiﬁcantly larger
on diabetic individuals and that much of this ﬁbrosis is made of
collagen ﬁbers. However, studies performed on animal models on
diabetes induction by streptozotocin have not found alterations on
the amount of type III collagen after 18 weeks of diabetes (Nemoto
et al., 2006).
The TD group presented a reaction very close to the ones
observed in both controls groups (SC and TC), showing that the
physical exercise helped to prevent the prejudicial alterations
caused by diabetes perhaps due to the improvement of the
metabolic state of these animals. The slight reduction of hyper-
glicemia may have reduced the negative effects of the oxidative
stress and the others metabolic pathways that trigger the collagen
deposition.
When animals of TC group were analyzed, we observed a slight
increase of the intensity of reaction for Picrossirius-Hematoxilin
technique that indicates a possible deposition of collagen in
the cardiac muscle. This is likely to occur because the exer-
cise may increase myocardial collagen content (Bartosov et al.,
1969; Kiiskinen and Heikkinen, 1976), possibly due an increase in
myocardial prolyl 4-hydroxylase, an enzyme with an activity level
positively correlatedwith collagenbiosynthesis (Takala et al., 1991;
Thomas et al., 2000).
The ammoniacal silver technique evidences reticular ﬁbers,
which are rich on collagen type III. Through this technique it was
possible toobservea light increaseon the intensityof theSDgroup’s
reaction when compared to the control groups (SC and TC). This
result shows that there might have occurred a deposition of colla-
gen type III on the animals from SD group, represented by the ﬁbers
evidenced on the reaction, possibly due to an initial state of ﬁbrosis
that could have been developed and reached an advanced level, as
Shimizu et al. (1993) observed on humans. However, the low speci-
ﬁcity of this technique does not allow us to go on a deeper analysis
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. Conclusion
Based on the results observed, it is possible to conclude that
he regular practice of physical exercises might have an impor-
ant role on the prevention, or even the re-establishment, of some
f the negative alterations caused by diabetes on animal mod-
ls. However, studies that involve morphological, biochemical and
olecular alterations still are necessary for the complete under-
tanding of changes caused by these complex metabolic disorders
hat characterize diabetes.
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